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ed.2012.Abstract Objectives: The goal of the present study was to determine whether a correlation exists
between bone contusions sustained with anterior cruciate ligament injury and the articular cartilage
changes observed during reconstructive surgery.
Methods: Across-sectional study was conducted over 5 years for consecutive knees undergoing
ACL reconstruction. Clinical data, MRI evaluation, and Arthroscopic ﬁndings were reported.
Analysis of the data was achieved by using the Fisher’s exact test.
Results: Thirty six patients with 37 knees were included. Their mean age was 23.9 years. There
were 19 males and 17 females. The mean time from injury to MRI was 3 months. The mean time
from injury to surgery was 9.86 months. Bone contusions were seen in 30% of medial femoral con-
dyles and medial tibial plateaus.
A strong correlation was observed between presence of bone contusions and articular surface
damage on the medial femoral condyle (p= 0.026) and the medial tibial plateau (p= 0.011). There
were no correlation between bone contusions and articular surface damage on the lateral femoral
condyle (p= 1.0) and the lateral tibial plateau (p= 0.69).
Conclusion: Although lateral compartment bone contusions are more commonly seen following
injury, we have not found this to be associated with the status of the overlying cartilage.
Degenerative changes in the ACL-deﬁcient knee are multifactorial, but medial compartment bone
contusion may be an important contributor that warrants further investigation.
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It is estimated that there are over 80,000 anterior cruciate lig-
ament tears annually in the USA, and approximately 50,000
ACL reconstructions yearly.1 The natural history of the ante-
rior cruciate ligament-deﬁcient knee is not yet fully under-
stood. Left untreated, the torn ACL leads to anterior laxity,
rotatory instabilities, and meniscal tears.2,3 Late degenerative
changes are most often seen in ACL deﬁcient knees with men-
iscal injury.4
Despite a successful reconstruction of the ligament, a signif-
icant percentage of patients will develop radiographic evidence
of degeneration.5 Osteochondral lesions or bone bruises have
been documented by magnetic resonance imaging (MRI) in
>80% of acute ACL ruptures.6 Classically these bone contu-
sions occur at the posterolateral tibial plateau and the antero-
lateral aspect of the lateral femoral condyle.7 In a group of
acute ACL injuries assessed by MRI, eighty-three percent
(45 of 54) of the knees had an osseous contusion directly over
the lateral femoral condyle terminal sulcus. The lesion was
highly variable in size and imaging intensity; however, the
most intense signal was always contiguous with the subchon-
dral plate.8
Arthroscopy, at the time of anterior cruciate ligament
reconstruction, provides an opportunity to evaluate the articu-
lar surface. The goal of the present study was to determine
whether a correlation exists between bone contusions sustained
at the time of anterior cruciate ligament injury and the articu-
lar cartilage changes observed at the time of reconstructive
surgery.Figure 1: MRI preop (showing bone contusion on lateral femoral
condyle).Materials and Methods
The present study was a cross-sectional study of consecutive
knees undergoing ACL reconstruction by 2 surgeons at the
McGill University Health Center over period of 5 years. Exclu-
sion criteria for the study included: absence of bone contusion
on MRI, age over 45 years, radiological evidence of long-
standing osteoarthritis, previous surgery, and presence of a
multi-ligament injury pattern.
Clinical data was collected from the patients, such as demo-
graphics, dates of injury and MRI, mechanism of injury, level
of pre-injury activity (Tegner score), treatment modalities be-
fore surgery, and number of episodes of major re-injury requir-
ing use of cane or crutch.
MRI reports provided by the musculoskeletal radiologists
were assessed and recorded by an independent observer. The
presence and location of bone contusions and the status of
all ligaments were noted.
Figures 1 and 2 Arthroscopic ﬁndings at the time of surgery
were noted and recorded by the staff surgeon and arthroscopy
fellow. This included a conﬁrmation of an anterior cruciate lig-
ament tear, as well as the status of the menisci and articular
surfaces. Size, location and grade of all chondral lesions were
recorded. The Outerbridge classiﬁcation of chondral lesions
was used for grading the articular surfaces: where grade 0
was a normal articular surface, grade 1 showed softening
and swelling, grade 2 and 3 represented fragmentation and ﬁs-
suring of less than half an inch and more than half an inch
respectively and grade 4 had erosion of cartilage to subchon-
dral bone.9
Results
There were 68 anterior cruciate ligament reconstructions per-
formed by two surgeons at the McGill University Health Cen-
ter. Thirty one patients were excluded from the study: 9 had no
MRI pre-operatively, 14 had an absence of bone contusion on
index MRI, 4 had previous surgery, and 4 were over 45 years
of age or had osteoarthritic changes.
Thirty six patients with 37 knees met the criteria for being
included in the study. The mean age at time of surgery was
23.9 years (range 14–45 years). There was almost even distribu-Figure 2: Arthroscopic picture intraoperative (showing correlation
cartilage damage).
Table 3: Lateral femoral condyle*.
Cartilage Damage Grade
0 1 2
Yes 19 6 2
No 8 2 0
* Fisher’s exact test p= 1.00.
Table 2: Medial tibial plateau*.
Cartilage Damage Grade
0 1 2
Yes 5 5 1
No 23 2 1
* Fisher’s exact test p= 0.011.
78 Articular cartilage change in ACL injurytion of gender, with 19 males and 17 females. There were 17
left knees and 20 right knees. The most common mechanism
of injury was a non-contact twist in skiing14 followed closely
by soccer 12, basketball 7 and football 4.
The mean time from injury to MRI was 3.0 months, (range
0–8.5 months). The mean time from injury to surgery was
9.86 months, (range 1.75–27 months). Bone contusions of
medial femoral condyle on MRI were seen in 11 knees
(30%). Bone contusions of the lateral femoral condyle were
present in 27 knees (73%) while involved lateral tibial plateau
in 31 knees (84%). No knees had bone contusions seen in the
patellofemoral region.
Analysis of the data, using the Fisher’s Exact test, showed a
strong correlation between presence of bone contusions and
articular surface damage on the medial femoral condyle
(p= 0.026) (Table 1) and the medial plateau (p= 0.011)
(Table 2).The same analysis showed no correlation between
bone contusions and articular surface damage on the lateral
femoral condyle (p= 1.0) (Table 3) and the lateral tibial pla-
teau (p= 0.69) (Table 4).
When meniscal tears involving more than 50% of the men-
iscal surface were taken into consideration, the correlation be-
tween meniscal tears and cartilage damage were not signiﬁcant
(p= 0.70 for medial meniscus (Table 5) and p= 0.72 for lat-
eral meniscus (Table 6).
The time from injury to surgery was compared between the
group with some evidence of cartilage damage (n= 21) and the
group with normal articular surface (n= 16) at the time of
reconstructive surgery. The group with evidence of cartilage
damage had a mean time from injury to surgery of 10.5 months
(range, 2–27 months). The group with normal articular surfaces
had a mean time from injury to surgery of 8.3 months (range,
1.75–23 months). The difference was not statistically signiﬁcant
(p= 0.44) using Wilcoxon two sample test.
Discussion
A review of literature suggests that something in addition to
biomechanical disturbance or instability is responsible for
osteoarthritic changes seen after anterior cruciate ligament
rupture.5 In their study involving twenty three patients with
occult osteochondral lesions after acute anterior cruciate liga-
ment injury as seen on MRI, Faber and colleagues reviewed re-
peat imaging 6 years after initial injury and anterior cruciateTable 1: Medial femoral condyle*.
Cartilage Damage Grade
0 1 2 3 4
Yes 3 5 2 0 1
No 19 5 1 1 0
* Fisher’s exact test p= 0.026.ligament hamstring autograft reconstruction. At the 6-year fol-
low-up MRI, a signiﬁcant number of patients had evidence of
cartilage thinning adjacent to the site of initial osteochondral
lesion. This suggested that irreversible changes in the knee
were initiated at the time of the initial injury.10
In fact, despite the high prevalence of these lesions, little is
known about the histologic changes in the adjacent articular
cartilage.11 In a study of ten patients with acute anterior cruci-
ate ligament ruptures who had a preoperatively documented
(by MRI) geographic bone bruise at the sulcus terminalis onTable 4: Lateral tibial plateau*.
Cartilage Damage Grade
0 1 2
Yes 23 6 2
No 6 0 0
* Fisher’s exact test p= 0.69.
Table 5: No correlation between medial meniscus tears and
cartilage damage*.
Cartilage Appearance
Cartilage 
Intact
Cartilage 
Damage
Yes 4 5
No 16 12
* Fisher’s exact test p= 0.70.
Table 6: No correlation between lateral meniscus tears and
cartilage damage*
Cartilage Appearance
Cartilage 
Intact
Cartilage 
Damage
Yes 9 4
No 14 10
* Fisher’s exact test p= 0.72.
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of the histologic changes. Biopsy samples of geographic bone
contusions show degeneration of chondrocytes, loss of proteo-
glycan, and necrosis of osteocytes in subchondral bone.
In our study, where the mean time from injury to surgery
was 9.86 months, presence of meniscal tears were not found
to be associated with evidence of articular cartilage damage.
Meniscal tears, therefore, should not inﬂuence the correlation
between cartilage damage and bone contusions. There are
studies, however, that do show a strong association between
meniscal tears and eventual osteoarthritis.12 Gillquist and
Messner, Murrell et al and Aagaard and Verdonk 3,12,13, in
their study of anterior cruciate ligament-deﬁcient knees under-
going reconstruction, showed that meniscal loss was associated
with a threefold increase in cartilage damage or loss. The
group of patients with meniscal loss whose initial anterior cru-
ciate ligament injury occurred more than 2 years earlier
showed evidence of 18 times more cartilage loss or damage
than did the group that had no meniscal loss and whose injury
occurred less than 1 month before arthroscopy.12
In anterior cruciate ligament-deﬁcient knees, the area most
commonly damaged appears to be the medial femoral con-
dyle12 which supports our ﬁnding. In our study group, there
were fewer medial-sided contusions than lateral contusions.
Interestingly, most patients with medial contusions also had
lateral contusions. Given the strong correlation between med-
ial-sided bone contusions and articular cartilage damage, thequestion that remains unanswered is whether this represents
a more severe injury and whether this is related to mechanism
of injury.
Given the cross-sectional design of our study, there are cer-
tain limitations that we are conscious of. This type of study in-
cludes only anterior cruciate ligament-deﬁcient patients who
choose to undergo reconstructive surgery. This group may or
may not be representative of all people with anterior cruciate
ligament-deﬁcient knees. As well, the cross-sectional design
of the study shows patients at one time during after their injury
and cannot follow individual patients through time. The time
frame for development of frank arthrosis post ligamentous in-
jury is very variable, ranging in cases with a ‘‘natural history’’
from 10 to 50 years, with a mean of 35 years.14 The exact pro-
gression in time for early degenerative changes has not yet
been determined.
Conclusion
Although we have found lateral compartment bone contusions
to be more common than medial contusions following anterior
cruciate ligament injuries, we have not found these lateral con-
tusions to be associated with articular cartilage degeneration.
Medial compartment bone contusions are correlated with
articular cartilage damage overlying the area of the contusion
at eh time of reconstructive ligament surgery. Degenerative
changes in the ACL-deﬁcient knee are multifactorial, but med-
ial bone contusions may be important contributor that war-
rants further study.
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